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Introduction
The NEXT experiment aims at discovering the neutrinoless β β decay of the 136 Xe isotope using a 100 kg high pressure xenon gas time projection chamber (TPC), with 90% isotopic enrichment and operated in electroluminescence (EL) mode [1] . In the xenon gas TPC, the energy of the events can be recorded with a resolution better than 1% FWHM using low noise photomultipliers (PMTs) as photosensors [2] . Unlike liquid xenon, gaseous xenon allows in addition the possibility to record the track and topology of the two electrons emitted in the decay of 136 Xe, because these tracks are about 30 cm long at 10 bar pressure. These electrons have in addition an energy deposition pattern [1] which makes them distinguishable from single-electron events whose energy sum up to Q β β (2.458 MeV for 136 Xe). This event topological signature can be recorded using small solidstate photosensors.
The tracking and energy measurements in NEXT are carried out by different sensors, located respectively at the TPC cathode and anode [1] as illustrated in figure 1. In this figure, an event, represented as a tortuous track, generates primary scintillation in the gaseous xenon, which is recorded primarily by the array of PMTs located at the TPC cathode. It also produces ionization electrons which drift to the TPC anode and generate EL light (or secondary scintillation), when entering the region of intense field (E/P ≈ 3 kV/cm.bar) between the transparent EL grids. This light is recorded by an array of silicon photomultipliers (SiPM) located right behind the EL grids and used for tracking measurement. It is also recorded in the PMT plane behind the cathode for energy measurement. The primary scintillation recorded by PMTs gives the start-of-event time t 0 . The EL scintillation recorded by SiPMs, provides the transversal coordinates (x, y) of the track's trajectory and the longitudinal coordinate (z) from the time t of the signal. Figure 1 . The Separated Optimized Functions (SOFT) concept in NEXT TPC. EL light generated at the anode is recorded in the photosensor plane right behind it and used for tracking. It is also recorded in the photosensor plane behind the transparent cathode and used for a precise energy measurement.
Several NEXT prototypes with up to 1 kg of pure gaseous xenon at 10-15 bar, were recently built. In the NEXT-DBDM prototype [2] , the energy of the events from EL signals was measured with a near 1% FWHM resolution from the 662 keV gamma rays of 137 Cs, using an array of UV sensitive PMTs. The SiPM tracking plane first developed for the NEXT-DEMO prototype [1] , [3] , will allow to reconstruct the tracks of these gamma ray events and demonstrate that a large-mass gaseous xenon TPC, enriched with 136 Xe and EL readout, would provide a possible pathway for a robust double-beta decay experiment.
SiPMs or Multi Pixel Photon Counters (MPPC) have been chosen in NEXT for their many outstanding features for tracking purposes. SiPMs offer comparable detection capabilities as standard small PMTs and APDs with the additional advantages of ruggedness, radio-purity and costeffectiveness, essential for a large-scale radiopure detector. Their main drawback however is their poor sensitivity in the emission range of the xenon scintillation (peak at 175 nm, see reference [5] ). This makes necessary the use of a wavelength-shifter (WLS) to convert the UV light into visible light, where these sensors have their optimal photon detection efficiency (PDE).
Dimensional outlines (unit: mm, tolerance: ±0.1 mm S10362-11-025U/-050U/-100U KAPDA0121EA S10362-11-025P/-050P/-100P Photon detection efficiency (PDE) vs. wavelength (typical example) Tetraphenyl butadiene (TPB) is an organic compound which fluoresces when excited by UV radiation. As reported in the literature [4] , [5] , its fluorescence spectrum is peaked at about 430 nm, which matches the PDE spectrum of the SiPMs (see figure 2 ) and does not vary with the wavelength of the incident light in the UV range. TPB is widely used in various experiments [6] , [7] to shift scintillation light produced in the extreme UV spectrum by liquid argon or liquid xenon to the visible spectrum, where it can be detected by commercial PMTs. However, it has not been applied up to now to small solid-state photosensors.
In this paper, we describe the use of TPB coating on SiPMs to enhance their response to UV light and describe in detail the coating protocol developed for the NEXT tracking system. In this system, the SiPMs are selected and calibrated to have a minimal gain dispersion (< 4%) over the tracking area. For this purpose, one important issue of using a WLS is to obtain sufficiently high quality coatings to conserve the uniformity of the SiPM response. The coating technique described here is particularly dedicated to the search of the conditions that guarantee uniformity, reproducibility and long-term stability of the TPB coatings on SiPMs. The coating thickness that provides the optimal fluorescence efficiency is also investigated and applied to the first prototype of the NEXT tracking system. In the two following sections, we describe the SiPM tracking system constructed for the NEXT-DEMO TPC prototype and the TPB-coating procedure used. In sections 4 and 5 the characterization of the TPB depositions and the response of the coated SiPMs are respectively addressed.
NEXT tracking system
A first tracking system for NEXT was built for the TPC prototype NEXT-DEMO [3] . It is com-posed of 248 Hamamatsu S10362-11-025P MPPCs [8], arranged to cover a circular plane of 160 mm diameter. The MPPCs are soldered onto daughter-boards (DBs) of 38×38 mm 2 (see figure 3-left), made of Cuflon from Polyflon Company [9] . These Cuflon boards are made of PTFE of 3.18 mm thickness electroplated with 35 µm of oxygen-free hard copper which make them light reflective and low degassing. The DBs are plugged onto a large mother-board (MB) containing the printed circuits (see figure 3-right) for SiPM biasing. A common bias is shared by the sensors of a same DB, chosen to have very close gains with a dispersion better than 4% at the nominal bias [10] , [11] . The outstanding features of the chosen MPPCs are a small size (1 mm 2 active area), high gain (2.75 × 10 5 at the nominal voltage ≈ 71 V), a PDE comparable to the quantum efficiency of PMTs (25% at 440 nm) and a wide dynamic range, due its high number of pixels (1600). The maximum number of photoelectrons (p.e.) induced by EL light expected in the SiPMs is about 250 p.e./µs (from double-beta decay electrons) [10] , which is well within their linearity range.
The active area of the MPPCs is covered with a protective layer, usually made of a resin or PVC, which absorbs short wavelength photons, preventing them from reaching the silicon region where they can be detected [12] . New MPPC prototypes without this protective layer are being studied in our laboratory and will be discussed in a forthcoming publication. The alternative considered here is the use of the organic WLS fluor 1,1,4,4-Tetraphenyl-1,3-butadiene (TPB) of ≥ 99% purity grade [13] . This fluor in crystalline form, can be applied by vacuum-evaporation [14] directly onto surfaces such as vessel walls or PMT windows. TPB is reported to be hard and durable, with good adherence to large substrates [14] , [6] . In the following section we describe the procedure we used for coating the SiPMs with a thorough control of the coating quality.
TPB coating protocol

The coating system
The coating facility of the Instituto de Ciencia Molecular (ICMOL) was used. This facility is located in a class 10.000 clean-room due to the stringent cleanliness conditions that are required for high quality depositions of molecules on different substrates. These cleanliness conditions are particularly important in low-background applications like neutrinoless double-beta decay experiments. In figure 4 , a scheme of the coating system is shown. The coating setup consists of a vacuum chamber or evaporator enclosing 4 ceramic crucibles which may melt simultaneously up to four different compounds (see figure 5 ). The vacuum system is composed of a diaphragm pump and a turbo-molecular pump that allow vacuum levels close to 10 −7 mbar in the evaporator. The latter is enclosed in a glove-chamber filled with N 2 , where the manipulation of different compounds takes place in an oxygen and water-free environment to prevent oxidation and hydration.
During the TPB evaporation campaign for NEXT, the whole setup was vacuum-cleaned to remove any traces of other molecules and only one crucible filled with TPB powder was used. The crucible was heated by a cartridge with an adjustable current that allows to monitor the temperature and control the evaporation rate, essential to prevent bubbling and sputtering of the TPB on the substrate.
The substrate was positioned on a sample-holder (figure 6) fixed on a spinning disk located 15 cm above the crucible. A shutter located under the holder allowed to mask the exposed surface when required. After positioning the substrate, the vacuum-chamber was closed and evacuation was started. When the optimal vacuum level is reached, typically 4 × 10 −7 mbar, heating of the crucible was started with the shutter closed. The TPB melting temperature is 203 • C at atmospheric pressure. At the high vacuum level reached in the evaporator, TPB evaporates at about 75 • C.
The TPB deposition rate and thickness (areal mass) on the substrate were measured with ultra high precision with a Quartz Crystal Microbalance (QCM) from Sigma Instruments [15] , located half way between the crucible and the substrate. This is a very sensitive mass deposition sensor based on the piezoelectric properties of the quartz crystal. The QCM is able to measure in real time mass changes ranging from micrograms to fractions of nanogram (that is a fraction of a monolayer of atoms) on the surface of the quartz crystal. The calibration of this sensor is thus necessary to determine accurately the deposition rate and thickness on the substrate.
The relevant coating parameters, the deposition rate and thickness, the temperature in the crucible and the vacuum level are displayed in the deposition control units. This allowed a constant monitoring of the evaporation process. When the deposition rate stabilized around a constant value, typically between 1.8 and 2.4 Å/s, a steady evaporation process of the TPB was established. The shutter was then opened and the spinning of the sample-holder was initiated to insure a uniform TPB deposition on the substrate. When the desired thickness was reached, the shutter was closed, evacuation was stopped and the evaporator was opened. The coated samples were stored in N 2 atmosphere or in vacuum to avoid their exposure to degrading agents.
Preparation of the substrates
The substrates used for calibration and characterization purposes were glass plates of 30×30 mm 2 coated with TiO 2 and a set of SiPM boards consisting of 5 SiPMs (Hamamatsu S10362-11-025P and -050P) soldered onto FR-4 Laminate PCBs. These boards were used for the first TPB depositions without undergoing any special cleaning protocol.
After the characterization of these first coated samples, the SiPM daughter boards of the NEXT-DEMO tracking plane were prepared for the TPB deposition. They were first cleaned with isopropanol in an ultrasonic bath to remove dust and residues of soldering. They were then dried in an oven at 70 • C during 2 hours and stored in the N 2 atmosphere of the glove-chamber until their introduction into the evaporator. This cleaning protocol, made in agreement with Hamamatsu, has Figure 6 . Picture of the sample-holder in which two SiPM DBs are lodged for coating. The holder is fixed to the spinning disk of the evaporator.
shown to be safe for the SiPMs as no alteration of their performance (dark rate and response to a given illumination) was observed after the cleaning process.
Calibration
The quartz crystal of the QCM sensor is sandwiched between two gold electrodes that are vapor deposited on either side of the crystal. When an alternating electric field is applied over the electrodes, the quartz crystal starts to oscillate (5 to 6 MHz in the QCM used here). As mass is deposited on the surface of the crystal (during vacuum evaporation of TPB for instance), the oscillation frequency decreases proportionally from the initial value. The QCM technique, developed by Günter Sauerbrey [16] , uses this frequency shift to measure the deposition mass on the quartz crystal. Thus the precise correlation between the deposition rate on the quartz crystal and on the substrate has to be determined.
During the TPB coating campaign, this calibration was performed using a high resolution surface profilometer (XP-1 from Ambios Technology [17] ). The profile of a TPB deposition on a glass substrate, scratched with a cutter, was recorded by the profilometer. This allowed to measure the thickness of the TPB deposition in the Å range. This thickness measurement, compared to that recorded by the QCM sensor in the evaporator, provided the calibration factor for the rate and areal mass deposition of TPB on the substrates.
Several depositions of a chosen thickness were successfully produced on glass plates and on 5-SiPM boards. The coating quality showed to be reproducible as long as the batch of TPB powder used was stored in appropriate environmental conditions (see section 4.4). In figure 7 , a glass plate (left) and a 5-SiPM board (right) coated with TPB and illuminated with UV light at 240 nm, clearly appear re-emitting in the blue. The substrate samples coated with different TPB thicknesses were tested and characterized with different UV light sources.
Characterization of TPB coatings 4.1 TPB emission spectrum
A glass plate of 30 × 30 mm 2 , coated with 0.1 mg/cm 2 of TPB, was placed in a small black box to measure the fluorescence spectrum of the TPB (see figure 8) . A xenon lamp (Hamamatsu Photonics E7536, 150 W) coupled to a monochromator was used for the selection of the input wavelength. A spectrometer (Hamamatsu Photonics Multichannel Analyzer C10027) allowed to record the spectrogram of the output light from the TPB layer. The light from the monochromator to the black box was conducted through a quartz optical fiber, coupled to the box through an optical feedthrough. The spot of the input light covered an area of a few mm 2 of the glass surface. The output light from the coated glass was collected by a lens, in the direction perpendicular to the input beam and conducted to the spectrometer by a quartz optical fiber. The emission spectra of the TPB at the input wavelengths of 246 ± 2.5 nm and 340 ± 2.5 nm were measured and are shown in figure 9 .
As explained in the Molecular Physics literature [18] , [19] , TPB like some other organic compounds, fluoresces when its Π-orbital electrons (the Π-orbital is an electronic state in molecules, analogous to p electronic state in atoms) are excited either by ionizing particles or UV radiation. In figure 10 , the typical scheme of the electronic energy levels of a molecule with singlet and triplet systems is shown. The fluorescence is a radiative transition from the vibrational levels (usually the lowest) of an excited electronic state (usually the first excited state S 1 ) into the vibrational levels of the ground state S 0 [18] . Electrons excited to the vibrational states of S 1 relax within picoseconds to the lowest lying levels of S 1 , before decaying to the ground state S 0 , with the radiation of a photon at the compound's characteristic emission wavelength. The fluorescence decay time is typically in the nanosecond range. Besides fluorescence, an emission with a much longer decay time (typically in the microsecond range) called phosphorescence, is often observed, especially in the case of organic molecules. This denotes emission from an excited triplet state, i.e. from a state with a total spin quantum number S=1. The longer decay time of phosphorescence is a result of the forbidden intersystem crossing for a transition from an excited triplet state into the singlet ground state (see figure 10) . In molecular physics, as in atomic physics, spin-orbit coupling allows forbidden singlet-triplet transitions to occur [18] .
In the measurement of the TPB emission spectrum shown in figure 9 , the peaks corresponding to non converted input light are seen, well separated from the fluorescence peak lying at 427 ± 20 nm. This fluorescence peak showed no dependance on the input wavelength in the UV range below 340 nm. It presents, moreover, a long tail at longer wavelengths which originates from the radiative decays of the S1 excited state to the multiple vibrational levels of the ground state. In the TPB emission spectrum shown in figure 9, another peak lying at 680 nm, most likely the phosphorescence peak, was also observed. In the TPB compound, the UV light populates also the T1 triplet states which decay with the emission of longer wavelength photons. These have however a small contribution to the TPB emission yield, as seen from the statistics shown in figure 9.
The TPB coated SiPMs of NEXT tracking plane, will therefore detect both the fluorescence and the phosphorescence from the emission of the TPB, exposed to the EL light. The much larger photon detection efficiency of the SiPMs at the fluorescence wavelength (up to 50% at 430 nm compared to about 5% at 680 nm ) makes this prompt component of the TPB emission widely dominate the light yield that will be detected by the tracking sensors. 
Deposition homogeneity
In the first coating trials, the TPB evaporation was performed without spinning the substrate. The homogeneity of the deposition was poor in these conditions as one can see in the glass sample on the left side of figure 11 . The process was repeated with spinning at the maximum frequency of 50 rpm, keeping other parameters, as the deposition time and the vacuum level, unchanged. As a result, a quite homogenous deposition was formed, as seen on the right side of figure 11 . This homogeneity depends however on the exposition time and consequently on the deposition thickness, as the spinning velocity cannot be increased above its maximum value. This effect was studied using glass plates with identical dimensions (30×30×3 mm 3 ) coated with different TPB thicknesses (0.6, 0.2, 0.1 and 0.05 mg/cm 2 ).
It is known from the literature that the fluorescence yield of a TPB deposition depends on its thickness and is maximum for very thin coatings (< 0.15 mg/cm 2 ) [4] . Although this dependence is not linear, a qualitative indication of homogeneity in a TPB layer can thus be given by the surface dispersion of its fluorescence yield when illuminated by homogeneous UV light. We used for this measurement a LED with emission peak at 260 nm, placed in front of the TPB coated side of the glass plate (see figure 12) . A non-coated SiPM (Hamamatsu MMPC S10362-11-025P) was placed on the other side, close to the surface, to measure the light converted successively in different coated sectors, as the glass plate was rotated. The mean current in the SiPM for each light exposition was measured using a picoammeter (Keithley 6487) and the current relative standard deviation σ (I)/I mean was drawn for each TPB coating considered. This standard deviation is represented in figure 13 as a function of thickness. The trend shown is compatible with that observed for the fluorescence yield as a function of thickness in reference [4] . The relative standard deviation of the measured current was close to 10% at the lowest thickness (0.05 mg/cm 2 ) and is slightly above 4% for the thickest coating (0.6 mg/cm 2 ). These non-homogeneity levels which are relevant for coating millimeter scale photosensors for position measurements, may not be an issue for coating large surfaces as large PMT windows or internal walls of a detector vessel. 
Transmittance
The transmittance of the TPB at its emission wavelength was measured to evaluate the amount of converted light that would be reabsorbed by the TPB layer as a function of its thickness. We used for this measurement a LED emitting at 430 ± 20 nm as light source. Four glass plates of 30×30 mm 2 , coated respectively with 0.05, 0.1, 0.2 and 0.6 mg/cm 2 of TPB, were successively illuminated. The bare side of each glass plate was coupled to the window of a 1 inch PMT (Hamamatsu R8520-406) whose anode current was measured with a picoammeter. A non-coated glass plate with the same dimensions of the coated plates was used as a reference. The current in the PMT, induced by the light transmitted through the TPB layer, was compared to the current measured in the absence of TPB, using the reference glass and the same illumination conditions. The transmittance of the reference glass at 430 nm was also measured using the same LED and PMT. This was 95.0 ± 0.1%, which allows to evaluate to about 5%, the maximum loss of light due to reflections on the glass surface facing the LED. In the TPB transmittance measurement, we thus estimate the uncertainty of the reference current to be about 5%, produced by the different light losses due to reflections on the glass-TPB and glass-air interfaces. This uncertainty was added to the statistical uncertainty, provided as the standard deviation from a sample of 100 current values, measured by the picoammeter at each light exposition. The transmittance of the TPB at its fluorescence wavelength (430 nm) is shown in figure 14 as a function of the thickness. The trend observed indicates an increase of the absorption with the TPB thickness. However, this amount of light absorbed, dissipated in the various non-radiative processes of the TPB molecule, remains below 4% which is negligible for the position measurements. TPB can thus be considered transparent to its fluorescence light in the range of thickness here considered (≤ 0.6 mg/cm 2 ).
Ageing
For the very first deposition trials, the TPB powder was taken from a sealed bottle as provided by the manufacturer and stored at ambient conditions in the laboratory. The depositions produced with this TPB were repeatedly non-uniform despite of optimal temperature, vacuum and spinning conditions in the evaporator. The depositions were also difficult to characterize using the profilometer. These results were a clear indication of degradation of the molecule by the environmental conditions of storage, mainly temperature (≈ 22 C • ) and sunlight. Indeed, successful evaporations from a newly purchased TPB powder, stored in dark at low temperarure (2 -8 C • ), confirmed this assumption.
The long term stability of the TPB depositions is an important issue for NEXT. As reported in previous studies [4] , [20] , TPB degrades in air because of the oxidation, hydration and exposure to sunlight. The coated SiPMs of the NEXT-DEMO tracking plane were stored in vacuum and were re-tested after long storage time to investigate possible variations in their response due to ageing of TPB. The results of this measurements are presented in section 5.3.
Response of coated SiPMs
Dependence on coating thickness
An important issue when coating the SiPMs for NEXT is the determination of the coating thickness which fulfills the requisites of optimal conversion efficiency and deposition homogeneity. The TPB conversion efficiency is reported in the literature to be optimal at deposition thicknesses between 0.05 and 0.15 mg/cm 2 [4] . For large PMT windows, the TPB coating thickness of 0.05 mg/cm 2 is found to provide the optimal PMT response [6] , [7] . However, coating SiPMs of 1 mm 2 active area with less than 0.2 mg/cm 2 of TPB would significantly deteriorate the response uniformity of the SiPMs for the position measurement as shown in figure 13 . Coating thicknesses less than 0.1 mg/cm 2 were therefore discarded and the response of SiPMs coated respectively with 0.1 and 0.2 mg/cm 2 of TPB were compared to assess the choice of the TPB thickness for the NEXT tracking plane.
Two SiPM boards (B1) and (B2) (made out of FR-4 PCB) containing each 5 Hamamatsu S10362-11-050P MPPCs, were respectively coated with 0.1 and 0.2 mg/cm 2 of TPB. The SiPMs were biased individually using the operation voltages provided by the manufacturer. This ensured a uniform response of the sensors within the board. The SiPMs were illuminated successively by a collimated LED emitting at 260 nm, operated in continuous mode. Their output current was measured with a picoammeter, prior to and after coating, at the same illumination and temperature conditions.
The average current in board B1 and B2, prior to coating, were 47.2 ± 4.3 µA and 60.0 ± 2.8 µA respectively, after subtraction of the dark current (typically less than 0.5 µA). To evaluate the response of the coated SiPMs as a function of the two TPB thicknesses, the average relative increase of current due to TPB was taken and represented in figure 15. In this figure the SiPMs with 0.2 mg/cm 2 of TPB have about 19% less response than the SiPMs with the half TPB thickness. This decrease of converted photon yield with thickness confirms the trend reported in the literature. However, it does not provide the absolute difference in conversion efficiency between both thicknesses but a lower limit, as the measurement is affected by the high illumination level used. Indeed, much higher response of the coated SiPMs was also measured at similar wavelength and lower illumination levels in further measurements (see figure 18) .
The choice of the coating thickness for NEXT-DEMO SiPMs was thus decided for 0.1 mg/cm 2 as it provides a good compromise between high enough fluorescence efficiency and good enough deposition homogeneity. 
Dependence on wavelength
The 18 DBs of the NEXT-DEMO tracking plane were coated with 0.1 mg/cm 2 of TPB and then stored in a vacuum chamber before mounting on the mother-board for operation in a N 2 chamber or inside the Xe TPC. The response of the SiPMs of the coated DBs as a function of wavelength was measured using a xenon lamp coupled to a monochromator. This allowed to select the input wavelength down to 246 nm. The DB was plugged onto a readout PCB placed inside a lighttight box as shown in figure 16 . The optical fiber from the monochromator was plugged onto the top cover of the box through an optical feedthrough. A diffraction lens coupled to the optical feedthrough allows to illuminate the entire SiPM board placed in the bottom of the box. The spectrum from the monochromator used to illuminate the SiPMs was analyzed with a spectrometer. An example is shown in figure 17 for the monochromator output set to 246 nm. The average current from the 16 coated SiPMs of a DB was measured, for each input wavelength, using an electrometer and compared to the average current from a non-coated DB, exposed to the same illumination conditions. The average dark currents measured in the coated and non-coated DBs were 8.0 ± 0.1 nA and 9.6 ± 0.1 nA respectively.
In figure 18 , the average current measured after dark current subtraction, is plotted as a function of the input wavelength for both coated and non-coated SiPMs. As it is seen, the sensitivity of the non-coated SiPMs decreases significantly at wavelengths below 340 nm, although it is still significant at 246 nm. Indeed, the average current of the non-coated SiPMs induced by the intense Xe lamp is close to 5 µA, significantly above the dark current. On the other hand, a significant increase in the response of the coated SiPMs was observed in the UV range below 340 nm and down to 246 nm. In this spectral range, the SiPMs response is enhanced by a factor 4 to 5 due to TPB coating and appears to decrease with the short wavelengths. This effect due to the decrease of the light yield of the xenon lamp at short wavelengths, does not reflect a decrease in the TPB conversion efficiency. Indeed, the TPB conversion efficiency does not depend on the input wavelength in the UV range as shown in reference [4] and discussed in section 4.1 of this paper. In the visible region of the spectrum (> 360 nm) however, the coated and non-coated SiPMs have a similar response within measurement uncertainty.
The response of the TPB-coated SiPMs in the VUV spectrum range of interest for NEXT was investigated in our laboratory using a Xe flash lamp (Hamamatsu L2358, 15 W, synthetic silica window and 100 Hz maximum repetition rate) coupled to a band filter (eSource Optics [21]) with band spectrum peaked at 173.0±20.0 nm. The lamp with its band-filter was directed towards a PTFE reflector plane parallel to the mother board and placed at 40 cm distance from it as shown in the schematic of figure 19 . This arrangement ensures a quite uniform illumination of the daughter boards plugged onto the mother board. The whole setup was placed inside a glove-box filled with N 2 to ensure VUV light transmission without absorption by the oxygen in the air. The N 2 box was in turn enclosed in a light-tight box.
Two sample DBs with 14 SiPMs were used, both with 9% gain dispersion, measured using the single photon response of the SiPMs [10] prior to coating. One of these DBs was coated with 0.1 mg/cm 2 of TPB. The current from the individual SiPMs was measured using an electrometer (Keithley 6517B) which also supplied the SiPM bias. In figure 20 , the response of the coated and non-coated SiPMs at the xenon scintillation wavelength is shown. The dark currents (typically 8 nA) were first measured and subtracted from the currents induced by the VUV light. As it can be seen in the figure, the non-coated SiPMs do not respond to the input light at 173 nm, whereas the TPB-coated SiPMs have a significant and quite uniform response at this short wavelength. The current dispersion of the coated DBs was indeed 8%, including dispersion of the SiPM gain and other contributions as the residual non-uniformity in the incident light and in the TPB coating. In figure 21 the SiPMs photocurrent (current normalized to the gain) is represented to evaluate these latter effects. The photocurrent dispersion of the coated DB was found of 11 %, which includes the non-uniformity in the TPB coating and in the incident light and the dispersion in the PDE of the SiPMs. Taking into account these two latter uncorrelated (and unknown) factors, we consider the TPB deposition of this DB sample homogeneous enough for tracking. This result could be even better in other coated DBs, stored in vacuum and not extensively used for laboratory tests.
Response after long-term storage
As mentioned before, the coated SiPM DBs of the NEXT-DEMO tracking plane were stored in a vacuum chamber at pressure < 1 mbar. A sample of these DBs was re-tested after 9 months of storage using a LED emitting at 240 nm, operated in pulsed mode (pulse width=30 ns, frequency=1 kHz), and illuminating individually each of the 16 SiPMs of the coated DB. The current measured (with dark current subtracted) after storage was compared to that measured immediately after the coating process. The relative current variation of the 14 SiPMs tested is shown in figure 22 . The average of all currents in the SiPMs has less than 1% relative variation, which is well within the experimental uncertainties. Indeed, considering the possible variation of LED intensity and ambient temperature after 9 months, the current variation of the coated SiPMs observed indicates no evidence of ageing effects in the TPB coatings stored in a moderate vacuum. Additional measurements with coated DBs stored in high pressure xenon are foreseen and will be reported in a further publication.
Conclusions
The reconstruction of the tracks and topology of the events in the NEXT gaseous Xe TPC is a key issue for background rejection in the double-beta decay search. A prototype of the NEXT tracking system composed of 248 MPPCs (Hamamatsu S10362-11-025P) was built. These sensors offer important advantages for tracking purposes over other photosensors but they are not sensitive to the Xe scintillation. A protocol for coating the SiPMs with TPB used as WLS, was developed with particular precautions in obtaining clean and uniform coatings, with optimal fluorescence efficiency. The characterization of the coated samples with different UV light sources shows high quality TPB coatings on the SiPMs of the NEXT-DEMO tracking system. Furthermore, the coated SiPMs show a significant and uniform response to the Xe scintillation wavelength (≈ 175 nm) compared to the non-coated ones, which are completely non-sensitive to this wavelength. The response of coated SiPMs, after 9 months of storage in a moderate vacuum (< 1 mbar), shows no evidence of ageing effects in the coatings. NEXT-DEMO tracking system is presently tested in a N 2 glove-box with a Xe lamp and will be commissioned for operation inside the TPC in the near future.
